Abstract Forest degradation in West Africa is generally thought to have negative consequences on rural livelihoods but there is little overview of its effects in the region because the importance of forests to rural livelihoods has never been adequately quantified. Based on data from 1014 rural households across Burkina Faso and Ghana this paper attempts to fill this knowledge gap. We demonstrate that agricultural lands and the non-forest environment including parklands are considerably more valuable to poor as well as more well-off rural households than forests. Furthermore, product types supplied by the non-forest environment are almost identical with those from forests. Accordingly, forest clearance/degradation is profitable for and, hence, probably performed by rural people at large. We attribute rural people's high reliance on non-forest versus forest resources to the two countries' restrictive and inequitable forest policies which must be reformed to promote effective forest conservation, e.g., to mitigate climate change.
INTRODUCTION
There is a general consensus among policy-makers, researchers, and development practitioners that environmental resources contribute to rural livelihoods in developing countries by supporting current consumption and providing households with a form of 'natural insurance' against hardships (e.g., Mamo et al. 2007 ). The literature abounds in evidence of forests and other environmental resources' contribution to household income in different regions around the world. In Africa, a study involving seven countries across the continent has shown that the forestry sector plays a significant role in national economies, and that informal activities in the sector (fuelwood and non-timber forest product (NTFP) collection) contribute to household income and employment generation (Whiteman and Lebedys 2006) . In the dry forests of South Africa, Shackleton et al. (2007) show that forest income represents around 20 % of average total household income. The comprehensive study by Cavendish (2000) in Zimbabwe showed that 35 % of average total household income (cash and subsistence) came from non-cultivated environmental goods. In Northern Nigeria, wild foods consumption and marketing forms an important coping strategy for rural populations (Harris and Salisu 2003) . In Mali, NTFPs may be as important as cultivated crops for rural people, and 90 % of the NTFPs are collected in natural forests, 63 % from the fallow lands, and 51 % from the crop fields (Gakou et al. 1994) . Overall, the general wisdom is that forest dependence increases with decreasing income, i.e., forest income's share of total income is highest for the poorest households (e.g., Vedeld et al. 2004) .
However, West African forests are generally being cleared or degraded as a result of evolving human utilization including the effects of climate change (e.g., Gonzalez 2001; IPCC 2007 ) (see also below). This environmental degradation is expected to affect rural livelihoods tremendously (Shackleton et al. 2011 )-especially for poor and marginalized households who are hypothesized to be most dependent on environmental resources. Meanwhile, slowing down or reversing tropical deforestation and forest degradation to reduce greenhouse gas emissions from deforestation and forest degradation (REDD) remains a cornerstone in IPCC's recommendations to prevent an irreversible and potentially disastrous increase in global temperatures because this would 'buy' rich countries time to maintain their energy consumption (and hence living standards) while gradually inventing and switching to fossil free/neutral energy sources (IPCC 2007) . Accordingly, it appears that rural people in poor countries and people in rich yet fossil fuel dependent nations are 'natural allies' because they share a common interest in conserving existing tropical forest resources. The political implications of how much rural people in poor countries rely on forest and non-forest environmental resources for their livelihoods should, however, be considered in the context of these people's access to these resources, i.e., their ability to benefit from these whether or not they hold officially recognized rights to do so (c.f. Ribot and Peluso 2003) . If rural people do not hold meaningful and enforceable rights to benefit from forests, it is reasonable to expect that they would rather convert than conserve them, unless forests supply important products that cannot be substituted or accessed elsewhere.
We argue that at present there is little overview of the likely overall as well as distributive effects of continued forest degradation on rural livelihoods in the West African region because the users of forests and the importance of income from forest and other environmental resources to rural livelihoods have not been adequately quantified. Therefore, this paper aims at: (i) providing empirical evidence of the economic importance of forest and other environmental incomes to rural households in four areas of Burkina Faso and Ghana; and (ii) assessing the likely effects on rural livelihoods of continued forest degradation through a product-specific comparison of incomes that rural people derive from forests and non-forest environmental resources, respectively.
Deforestation and Forest Degradation
FAO's (2010) forest resource assessment reports significant deforestation in Burkina Faso and Ghana as well as in most other West African countries during the periods 1990-2000, 2000-2005, and 2005-2010 (Table 1) . Good quality empirical national-level data on the trends in forest and tree cover in Burkina Faso and Ghana are not available (Hansen et al. 2009; Westholm and Kokko 2011) , but a number of satellite image-based land cover change studies in the two countries may serve to generally assess the tree cover trends-and to verify/assess the Forest Resources Assessment (FRA) data presented in Table 1 .
In the Sissili province of Burkina Faso, which lies immediately west of site 1, Ouedraogo et al. (2010) found a drastic reduction of dense forest land from 69.7 % in 1986 to 31.4 % in 2002 and 40.6 % in 2006 (1.45 % decrease per annum; 1986-2002 Idinoba et al. (2010) document an increase in the mean annual temperature of 1.5°C and a 20-mm rainfall decrease in Burkina Faso. While urbanization is prominent in Burkina Faso, the most common destination for domestic migrants from rural areas is in fact other rural areas (Henry et al. 2004a) . Migrants are moving from the northern and central regions to the western and southern parts of the country (Sawadogo 2006) , and decreasing rainfall appears to be a strong determinant, which increases the likelihood of long-term migration to the southern and western parts of the country (Henry et al. 2004b ). The strong impact on forest cover of this southward migration is believed to be clearance for agriculture amplified by newcomers' tendency to also produce charcoal and firewood for cash such that they can buy food until their first crop matures ).Open woodland in Southern Burkina Faso and Northern Ghana should, however, not be interpreted only as 'degraded' forest. Rather, these areas are in many cases parklands that are extremely variable landscapes in which mature trees, usually a few dominant species, occur scattered in cultivated or recently fallowed fields (Boffa 1999) . Human manipulation of the natural tree vegetation to suit certain needs has determined the composition and density of trees in parklands, which constitute the predominant agro-forestry system in semiarid West Africa (op. cit.). Parklands are, moreover, quite dynamic systems and variations in tree cover may reflect everything from degeneration (due to over-utilization) to farmer strategies for long-term parkland development to reach appropriate tree-crop combinations and high fruit production (op. cit.). Idinoba et al. (2010) Agricultural expansion driven by population increase, control of diseases (river blindness), and road network expansion is, together with uncontrolled bush fires, the most prominent reasons for reduced tree coverage in Ghana's savannah and transition zones (Wardell et al. 2003; Appiah et al. 2009 ). While conversion of off-reserve forest to palm oil, rubber and cocoa plantation is believed to be the main cause of deforestation/loss of tree coverage in the high forest zone (Amanor 1996; Appiah et al. 2009; Idinoba et al. 2010; Mayers et al. 2010) , unsustainable timber harvest is an additional factor. Based on official harvest and export volumes as well as the 1996 high forest zone timber inventory, Hansen and Treue (2008) document that, over the period 1996-2005, all the commercially most valuable timber species have been harvested considerably above their regenerative capacity. This is particularly the case for areas outside forest reserves where the most valuable timber species are almost depleted. Over-harvesting inside forest reserves may not reduce the crown coverage and carbon storage as the commercially less valuable species are either not harvested at all or harvested well below their regenerative capacity. However, unrecorded yet sizable and seemingly accelerating illegal chainsaw lumbering is taking place within the entire high forest zone, thus adding to the general depletion of forest resources (Hansen et al. 2009 ).
The annual deforestations rates of 0.91-1.03 % for Burkina Faso in Table 1 are, thus, not in obvious conflict with the available case studies. The dramatic annual deforestation rates of 1.99-2.19 % for Ghana might be on the high side (c.f. Hansen et al. 2009 ). Yet, the available case studies leave no doubt that forests in the high forest, transition as well as the savannah zones are being cleared, fragmented, and degraded-and trees on fallow and farmlands are getting fewer and further apart.
The economic dependence of rural people on forest and non-forest environmental resources in Southern Burkina Faso as well as the whole of Ghana should, therefore, be considered in a context of declining forest and general tree cover. The political implications of this trend are obviously compounded if the general picture of deforestation in most other West African countries (c.f. Table 1) share similarities with those of Burkina Faso and Ghana. This appears likely as the population growth rates in these countries are either similar to or higher than those of Burkina Faso and Ghana. With the exception of The Gambia and Liberia, the rural share of the population in these countries is also higher or equal to that of Ghana (c.f. Table 1 ).
Forest and Tree Tenure
In Burkina Faso, the state owns all forests. Classified lands comprise 14 % of the national territory and are sub-divided into classified forests, national parks, and animal reserves (MECV 2004) . Strict, de jure, restrictions apply to classified lands, where local peoples' use rights only include subsistence extraction of dead wood, fruits and plants for food or medicinal uses. Commercial extraction is illegal. The 1991 constitution in Burkina Faso kicked off a decentralization process which is still ongoing. According to Bouda et al. (2009) , this process has two main objectives: (i) to transfer powers and resources to local governments, and (ii) to agree nationally on a standard model for rural municipalities. Many studies have, however, found that decentralization laws are ineffective and thus promote foresters' and elites' capture of control over forests (e.g., Bouda et al. 2009; Westholm and Kokko 2011) while rural populations' forest tenure rights are eroded (Sawadogo 2006; Brännlund et al. 2009; Coulibaly-Lingani et al. 2009 ).
In Ghana, forest reserves cover about 11 % of the national territory while national parks, wildlife sanctuaries, game and nature reserves cover about 5 % (World Bank 2006). Local communities, ''Stools'' and ''Skins'', are the, de jure, owners of practically all land, but the state is the sole, de jure, manager and, de facto, owner, of forest and timber resources. Accordingly, the Forestry Commission (FC) allocates standing trees to timber companies on a concession basis (Hansen et al. 2009 ). Official timber rights are, however, being monopolized by integrated wood exporting companies through substantial unofficial payments while producers for the expanding domestic timber market have turned to chainsaw lumbering, which was officially banned in 1998, but in practice is allowed to continue. Rural communities in Ghana are, however, effectively restricted in accessing the substantial timber revenues because their share is administratively defined as a fraction (currently 50 %) of the politically defined low official felling fees and because inflation erodes their share due to long delays in payments (Treue 2001; FC 2009; Mayers et al. 2010; Hansen and Lund 2011) . Individual farmers have no rights to official timber revenues whatsoever and their right to compensation for crop damages by timber companies is often violated without consequences for the operators causing the damage (Marfo and Schanz 2009; Hansen 2010) . Without official permission, it is illegal to graze livestock inside or collect, transport and market products from forest reserves (Forest Protection (Amendment) Act 2002). Yet, in practice, rural people hunt, collect NTFPs, and produce chainsaw lumber in forest reserves for subsistence and commercial purposes without permits.
With the exceptions of Sierra Leone and Togo, all forests in West Africa are in practice government owned (FAO 2010) . Moreover, contrary to many countries in Eastern and Southern Africa, communities have only been granted management rights to a very small fraction of government forests (Sunderlin et al. 2008; FAO 2010; Ribot et al. 2010) . We cannot document a causal relationship between centralized forest ownership/management and deforestation/forest degradation in Burkina Faso and Ghana-or other West African countries. Yet, centralized forestry administrations in developing countries have generally failed to conserve their nation's forest resources. This, together with the objective of improving rural livelihoods, has promoted forest decentralization in a large and growing number of developing countries (Sunderlin et al. 2008) .
MATERIALS AND METHODS

Study Area and Context
Figure 1 is an adapted version of the European Space Agency's GLOBCOVER interactive map source (ESA/ GLOBCOVER 2008) and depict the land cover types in the sub-Saharan part of West Africa as well as the location of sites 1-4. Figure 1 provides the map legend including the relative extent of land cover types.
As Fig. 1 indicates, the sites in Burkina Faso (1 and 2) are located within areas dominated by three land cover types: (i) Closed to open ([15 %) scrubland (\5 m), (ii) Mosaic: Forest/Scrubland (50-70 %)/Grassland (20-50 %), and (iii) Rain-fed croplands. Together, the land cover types within which sites 1 and 2 are located, account for 41.1 % of the land area shown in Fig. 1 . Site 3 in Ghana is located in the transition zone between high forest and savannah. This area is dominated by three land cover types: (i) Mosaic: Cropland, Tree cover, and Natural Vegetation, (ii) Closed to open ([15 %) evergreen and/semi-deciduous forest ([5 m) and to a lesser extent (iii) Rain-fed croplands. Site 4 is located within the wet-evergreen/semi-deciduous part of Ghana's high forest zone, of which most has been converted to farming purposes. The land cover is dominated by two types: (i) Mosaic: Cropland, Tree cover, and (20-50 %) 11.4 In total, sites 1-4 are located within land cover types that account for about 61.6 % of the sub-Saharan land area in Fig. 1 . Areas with no scrub or trees cover about 17.4 % of the land. Accordingly, sites 1-4 fall within land cover types that account for almost 75 % of land with some tree or scrub cover. Since West Africa is among the most densely populated areas on the continent (FAO 2008; Table 1), land cover types which include some tree and scrub cover must logically support the livelihoods of millions of rural people.
Burkina Faso is one of the poorest countries of the world: it ranked 181st of 187 countries in UNDP's human development index (UNDP 2011); more than half of the country's population (56.5 %) lives on less than 1.25$/day (UNDP 2011) and the 2010 adult literacy rate was estimated at 28.7 % (UNDP 2011). By contrast, Ghana is one of the better-off countries in sub-Saharan Africa: in 2010, it ranked 135th in the human development index and people living under 1.25$/day and the adult literacy rate were estimated at 30.0 and 66.6 %, respectively (UNDP 2011).
Pouliot et al. (2008) and Obiri et al. (2011) offer detailed descriptions of the study sites. In summary, the basic characteristics are:
Site 1, 11°30 0 N and 00°58 0 W, is situated in the centresouth region of Burkina Faso. This region is one of poorest of Burkina Faso, as some 66 % of the population lives below the national poverty line at 0.41$/day. The climate is dry with annual rainfall ranging between 800 and 1000 mm in the region. This site is located on the main road between Ouagadougou (140 km) and the Ghanaian border (60 km). The Nobéré site borders the nature reserve ''Parc National Kaboré Tambi'' where land cover consists mainly of open forest with patches of savannah. The park is an important source of fuelwood, fodder, food, construction materials, and medicines for local people's subsistence. Outside the park, the land cover is mainly savannah, fallow, and parklands. People in the area practice subsistence agriculture dominated by millet, sorghum, and to some extent maize. Agriculture is complemented with animal husbandry.
Site 2, 10°38 0 0 00 N and 4°54 0 0 00 W, is situated in the southwestern part of Burkina Faso, Cascades region. This is one of the regions where the incidence of poverty is lowest, as some 39 % of the population lives below the national poverty line. Annual rainfall ranges between 1000 and 1200 mm. It is the most forested region of the country and less disturbed forests can be found due to a relatively low population density. People in the area practice subsistence agriculture dominated by millet, sorghum, and maize, but commercial agriculture is also a common activity with sweet potato, yam, and cotton as the main crops. Agriculture is complemented with animal husbandry.
Site 3 comprises 15 villages around 7°28
0 00 00 N and 1°50 0 00 00 W in Brong-Ahafo region, which covers the middle portion of Ghana. The villages lie in the transition between the high forest and the savannah zones where the annual rainfall is around 1100 mm. Three of the villages are situated in the vicinity of Boabeng-Fiema Monkey Sanctuary while the remaining 12 surround the connected and rather degraded (open canopy) forest reserves of Asubima and Afrensu-Brohuma. Combined subsistence and commercial agriculture is the main economic activity and products include maize, yam, vegetables, cassava, groundnut, cowpea, cocoyam, plantain, cashew, cotton, and tobacco. Livestock rearing also forms part of many households' activity portfolio. In Brong-Ahafo, 29 % of the population lives below the national poverty line of 1.00$/ day which coincides with the national average.
Site 4 comprises 15 villages around 5°13 0 00 00 N and 2°00 0 00 00 W in Ghana's Western Region, which covers the south-western part of the country. The villages are situated in the mosaic agricultural landscape between Nueng, Nueng South, Bonsa River, and Subri River forest reserves which belong to the tropical wet evergreen ecology zone that has an annual rainfall of around 2000 mm. Subsistence and commercial agriculture are the main occupations and products include cocoa, palm oil, rubber, cassava, plantain, and yam. Animal husbandry is extremely limited. The Western Region is among the wealthiest in Ghana and 'only' 18 % of the population lives below the national poverty line.
Data Collection
Following the formats and approaches described in Angelsen et al. (2011) , data covering a full year was collected through four quarterly surveys between November 2007 and December 2008 with a total of 1014 households (279 in site 1; 257 in site 2; 244 in site 3; and 234 in site 4). Group discussions were carried out at the beginning and at the end of the 1-year survey period in each of the participating villages, where information about collected forest products, institutions, infrastructure, trends in forest resource availability and major agricultural products was gathered. The quarterly household surveys were used to collect information on households' income sources so as to establish the absolute and relative economic importance of different income sources. The recall period used for the income and activity reports was 1 month for common forest products (e.g., fuelwood), environmental, small livestock (e.g., poultry), wage, and business incomes. A 3-month recall period was used for crop, larger livestock (e.g., cattle, goat, and sheep), seasonal forest products (e.g., Bombax costatum flowers), and transfer payment incomes.
Forests ''[…] is used to refer to land with a tree canopy cover of more than 10 percent and area of more than 0.5 ha.
[They] are determined both by the presence of trees and the absence of other predominant land uses'' (FAO 2000) . Forest income is defined as a type of income (in cash or kind) obtained from the harvesting of forest resources. Non-forest environmental income refers to the cash or consumption value of products that are collected outside forests and provided through natural processes. Accordingly, forest and nonforest environmental products are, contrary to agricultural products, not the result of intensive or any cultivation efforts. The collection of environmental products may, however, be subject to more or less intensive management (regulatory) systems, i.e., to rules of extraction that might be more or less effectively enforced. In the parklands, trees are to a large extent, although not entirely, the result of a management system (c.f. above). However, since most parkland trees are naturally established and subsequently conserved (as opposed to cultivated) by land-using communities, such trees are considered to yield environmental products in this study.
Data Analysis
Value estimates for all products whether sold or consumed were obtained from the respondents' own reports (stated selling and buying prices, willingness to pay or the price of comparable substitutes), which were valid and reliable-and for traded products quite similar to but not always equaling local market prices (Pouliot et al. 2008; Obiri et al. 2011) . Total net incomes were calculated as gross values minus the total costs of all purchased inputs including hired (not family) labor. To allow comparisons, all households' incomes were divided by their adult equivalent units (aeu) through assigning the value 1 to the first adult household member, 0.7 to each additional adult and 0.5 to each child (below 15 years of age) (c.f. OECD 2005). Furthermore, all values were converted to international dollars using the Purchasing power parity (PPP) conversion factor of 0.581 Ghanaian cedis and 248.429 CFA francs in 2008 (UNstats 2010). Based on PPP adjusted per aeu incomes, households are, by country, wealth-grouped into the 50 % poorest and 50 % richest (poor/better-off). Through t tests, we tested the statistical significance of differences between means of household incomes between poor and better-off households. Table 2 presents results on the contribution of different income sources to total income for poor and better-off households in Ghana and Burkina Faso. A first striking result is that non-forest environmental resources contributed very substantially to rural incomes, especially for the poorest half of households, both in Ghana (23 %) and in Burkina Faso (28 %). In Burkina Faso, these households' reliance on non-forest environmental income was also significantly higher than that of any other income source, while it was second to crop income in Ghana. Better-off households also relied on the non-forest environment, although to a lesser extent than poor households (on average 13 % for both countries). Forest income, on the other hand, accounted for a considerably lower share of income (8-13 %), and interestingly it did not vary significantly between rich and poor households, or even between countries.
RESULTS
The Contribution of Forest and Other Environmental Resources to Rural Incomes
Although our results show that rural households generated their income from many types of activities, agriculture was clearly the main source of income for both household groups in Ghana. In Burkina Faso, livestock Households with negative net yearly income (n = 12 for Ghana and n = 6 for Burkina Faso) were not included in this analysis. Negative household income was due to, e.g., crop failure, loss of livestock, etc
To reduce the influence of extreme individual household values, income shares are here calculated as the means of individual household's shares for each group of income sources (instead of the share of aggregated income by sources in aggregated total income across all households within each income group) rearing and agriculture generated an equally large share of household income. Non-farm income, including income from businesses, wage, pension, remittances and gifts, contributed 17-21 % of total net household income in our sample.
Forest and Non-forest Environmental Products
Figure 2 summarizes the importance of the most collected product categories by showing the percentage of households that collected them at least once during the recording year (bars) as well as their value (points connected with straight lines). In terms of collection frequency, fuelwood dominates with 69 % of the Ghanaian and 74 % of the Burkinabe households collecting it at least once a year in the forest while 98 % of the Ghanaian and 89 % of Burkinabe households collected fuelwood in the environment outside forests. Collection of wild foods (e.g., nuts, fruits, leaves) was also a common activity, especially in Burkina Faso where 50 % of the households collected these at least once from the forest and 97 % from the non-forest environment. In Ghana, 41 % of the households collected wild foods in the forest while 86 % did it in the non-forest environment. Medicinal plants and fodder (site 1) were also commonly collected in Burkina Faso and bushmeat was frequently reported by Ghanaian households. The product categories which, on average, generated the highest total income for collecting households in site 1 were: (i) wild foods, fodder, and thatching grass for betteroff households, and (ii) wild foods, thatching grass, and fuelwood for poor households. In site 2, the products which generated highest income were: (i) wild foods, fuelwood, and medicinal plants for better-off households, and (ii) wild foods, fuelwood, and bushmeat for poor households. In sites 3 and 4, those products were: (i) bushmeat, timber, and construction materials for better-off households, and (ii) bushmeat, fuelwood, thatching grass (site 3), and timber (site 4) for poorer households.
Moreover, livestock was often reported to browse and graze in forest areas of Burkina Faso. In total, 178 or 33 % of the 536 households reported sending livestock to the forest, at least during some parts of the year and especially during the agricultural season. During that period, 128 households reported sending their livestock to graze in the forest for, on average, 64 % of the time. No browsing and grazing in forests was reported by the Ghanaian households. Figure 2 also shows households' reliance on the nonforest environment versus forests for each product category. The pattern is that all product categories are collected both in forests and the non-forest environment but most are collected more often in the non-forest environment by the poor and the better-off households. A few products were collected as often in forests as in the non-forest environment (e.g., thatching grass by better-off households in site 1) and only in one of the four sites a product category was collected more often inside than outside forests (poles and timber by both poor and better-off households in site 4).
Average per aeu incomes are generally higher for betteroff than poor households, for all product categories. Furthermore, income from most product categories seem unrelated to their origin (i.e., forest vs. non-forest environment as solid and broken green/red lines generally lie close to each other). Yet, (i) in Burkina Faso, all households generated much higher wild food revenues from the non-forest environment than from forests, (ii) in site 3, better-off households generated much higher bushmeat revenues from forests than from the non-forest environment and (iii) poles and timber from the forests in site 4, generated particularly high revenues for better-off households.
DISCUSSION
Importance of Forest and Non-forest Environmental Incomes
Although the rural households in Ghana generated considerably higher absolute income than the rural households in Burkina Faso, the relative economic importance of forests and non-forest environmental resources are strikingly similar across countries. The general pattern being that, in combination, forest and non-forest environmental incomes account for more than a third of the poorest households' annual income (36 % in Ghana and Burkina Faso; Table 2 ) while contributing as much as 23 % to the better-off households' income. This echoes other studies which document that, in developing countries, all rural households and particularly the poorest depend considerably on non-or less intensively cultivated resources (e.g., natural forests and parklands, respectively) for their livelihoods (e.g., Cavendish 2000; Vedeld et al. 2004; Mamo et al. 2007; Kamanga et al. 2009 ). It is, however, remarkable that in both Burkina Faso and Ghana, the poorest households depend much more on the non-forest environment than on forests, which contradicts that forests are particularly important for the rural poor. Whether this is a result of poor people's access to forests being socially more restricted or whether the most collected products, e.g., fuelwood and wild foods, are simply more plentiful and physically easier to access outside than inside forests is not possible to say based on this study's data-except in the case of wild foods in Burkina Faso where one of the dominant products, Shea nuts, is almost exclusively collected outside forests because of its abundance in agroforestry parklands (Breman and Fig. 2 Percentage of households collecting (bars referring to the left hand side y-axis) and average income per adult equivalent unit by collecting households (lines referring to the right hand side y-axis), by household and product categories, sites [1] [2] [3] [4] Kessler 1995). However, since parklands (and possibly also the fallow lands in Southern Ghana) are under some kind of management to serve human needs (c.f. above), one should perhaps expect rather than be surprised to find that nonforest environmental products make up such an important share of rural people's livelihoods. Since poor households, in absolute terms, generate less income from the non-forest environment than the more well-off households (c.f. Fig. 2) , we may speculate that poor households' access to non-forest environmental products is socially regulated and that their economic status does not warrant them special privileges in this respect.
Livelihood Consequences of Forest Degradation in West Africa
The significant economic importance of forest and nonforest environmental products to rural people raises concern over the social consequences of deforestation and forest degradation (e.g., de Sherbinin et al. 2008; Shackleton et al. 2011) . Moreover, if population growth and Sahelian people's adaptation to climate change by migrating southwards lead to the observed loss of tree coverage in West Africa, then the predicted social problems are likely to materialize very soon in this part of the world. This scenario is, however, conditional on the degree to which rural people actually depend on forests and whether they are capable of adapting to an environment with less and smaller forests (c.f. similarities with the fuelwood crises predicted in the 1970s, e.g., Vermeulen 2001) . Ideally, panel data should be used to document such trade-offs, but the observed pattern of product collection in forests and the non-forest environment provides useful insight as they reflect the sum of individuals' decisions on what pays to collect where, given the, de facto, accessibility of forest and non-forest environmental resources that the governance system, demographic development and changes in land cover types have shaped.
Figure 2 may therefore be interpreted to illustrate that, in the likely event of more forests being converted into, e.g., woodlands, very few important products are liable to become critically scarce simply because most products collected in forests are also collected in the non-forest environment. Two important exceptions are timber and bushmeat in Ghana. When collected in forests, these products generated very high incomes, but only to betteroff households. Moreover, since products from the nonforest environment are in total more valuable to rural people in general and the poorest in particular (Table 2) , then an average area of land converted from forest to agriculture and non-forest land types (e.g., parklands, woodlands, fallows, and bush lands) actually increases the value of such land to rural people. Accordingly, during the process of agricultural expansion and what scholars and environmentalists tend to label forest 'degradation', rural people cannot be expected to conserve forests because they are of particularly high value to them, on the contrary, in fact.
This general and historically well know picture across the world of poor people adding value to land for themselves by removing (certain) trees is, however, not entirely straight forward. In absolute terms, the richest households in Ghana extract around five times more value from forests than the poorest (Table 2) . This is because, in comparison to the poorest households, they generate much higher absolute incomes from the categories ''bushmeat'' and ''poles and timber'', which are not nearly as prominent in the non-forest environment where bushmeat is also sourced in substantial amounts (Fig. 2) . Pastoralists in Burkina Faso might also suffer if they end up with a shrinking area to graze their cattle during the cropping season. Yet, unless the reserved forests are encroached by permanent agriculture and associated settlements, these areas might still be available for cattle browsing irrespective of a declining tree cover. A gradual replacement of unreserved forest by agriculture will, however, decrease the total area of cropping season 'cattle stations'.
These considerations assume that converted forests add to the stock of non-forest environmental areas, which is of course not necessarily the case if, as the land cover change analyses document, the area under agriculture is expanded. However, as Table 2 indicates, cropland seems, not surprisingly, to be the most valuable land use to rural people except for the poorest half of Burkinabe households. Accordingly, the poorest might end up as losers if forests are converted to more open land types while even more of the non-forest environment is captured for cultivation by better-off households. This is, however, not (yet) the situation because, over the past 20-30 years, the areas of agriculture as well as the areas of more or less open wood lands seem to have increased (c.f. the above quoted land cover change studies).
In sum, the bottom line appears to be that forests do provide important environmental products to rural people but their option value as land banks are in fact much higher when migration (possibly climate change induced) and the general population increase as well as infrastructural developments make remote areas more accessible thus enhancing the demand pressure for cropland. Accordingly, if rich countries should transfer funds to poor West African countries in an effort to mitigate climate change through REDD?, then it needs to be associated with making forests more valuable to rural people as forests. This would, however, require radical reform of land and forest tenure such that rural people may get tangible and legally enforceable rights to REDD? revenues. Otherwise, REDD? may well repeat the development in Ghana's high forest zone where the political and the timber elites, through their control over timber rights and harvesting fees, capture the biggest forest revenues but gradually lose control over the forest area and timber resources, both of which are dwindling. In other words, REDD? payments to 'save' some of the remaining forest resources in Burkina Faso and Ghana will in all likelihood fail in the absence of radical reform of forest rights. The central states may obviously control REDD? revenue flows but these will be performance-based and are thus unlikely to ever materialize unless new forest governance approaches replace the current and, in terms of forest conservation, rather unsuccessful forest governance systems (c.f. above). This aspect of REDD? is, however, not particularly prominent in the ongoing processes where Burkina Faso and Ghana happen to be pilot REDD? countries (Mayers et al. 2010; Westholm and Kokko 2011) .
CONCLUSION
Environmental resources, and especially non-forest resources, were shown to be a major source of income for rural households in Burkina Faso and Ghana. Together, forest and non-forest environmental resources represent 36 and 23 % of total income for the poorest and better-off households, respectively, in Burkina Faso and Ghana. In the likely event that agriculture and non-forest land types continue to replace forests, rural people would not lose much and many might actually gain because, in comparison to forests, rural people generally derive higher or equally high values from cropping and from the non-forest environment. This is in part due to rural people's restricted access to the most valuable forest resources (timber in particular). Better-off households relying on timber and/or bushmeat in Ghana could, however, be affected negatively due to the apparent low availability of these resources in the non-forest environment. Moreover, forest degradation could have a negative impact on Burkinabe cattle herders who use forests as seasonal grazing reservoirs. Accordingly, if West African forests should be conserved, e.g., to mitigate climate change through REDD? schemes, they must be made more valuable to rural people as forests -not as land banks. This can only be achieved through a combination of sufficiently high REDD? payments and a reform of forest rights and revenues, which will ensure that local people favor forest conservation over other land uses.
